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SCHEDULING SYSTEM AND SCHEDULING METHOD FOB THE SAME 

ETET/n OP THE INVENTION 
The invention relates to the control of cell read in an 
5 ATM (asynchronous transfer mode) line, and more particularly to 
a scheduling system for efficiently reading each cell and a 
scheduling method for the same. 

10 ATM (asynchronous transfer mode) is a communication 

system for sending or receiving at a high speed all data, to be 
transmitted, which have been divided into units called "cells" 
of S3 octets (one octet = 8 bits) . ATM is suitable for the 
transfer of large- capacity data, such as multimedia data, and 
e!5 constitutes a basic technique of broadband ISDN, 

In ATM, multiplex communication is carried out, and, in 
addition, the transmission rate can be regulated at a desired 

value by setting the number of cells sent per given time (cell 

I 

rate) to a desired value* By virtue of this, even when voices 
(audio), static images, moving images and the like are present 
together in an object to be sent, the object can be properly 
transmitted. 

An ATM switch performs large - capacity , high-speed digital 
switching and mediates communication between terminals. An 
example of switching conducted by the ATM switch is to cell 
multiplex a plurality of ATM lines into a single physical 
transmission path followed by send of the multiplexed cells. 

In this case, regarding the sequence of read of data in 
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each ATM line (i-e., the sequence of send of cell in each line) , 
also from the viewpoint: of sending data at a proper speed, in 
sending cells, the individual cells should be dispersed, if 
possible, at equal spacings, so as to avoid the send of cells 
in the concentrated state at a time in the same line according 
to the rate of each line. 

For example, in the control of send of cells using a time 
slot for designating the sequence of send of the individual 
cells, for example, in order to reduce a burst property at an 
output port in each ATM line, scheduling should be carried out 
to properly allocate the individual cells in the same line to 
| respective positions dispersed within the time slot. 
I Fo * each line. PCR (peak cell rate) is used as a value 

'J for designating the maximum speed for sending the cells in the 
J.S line. PCR indicates the maximum speed at which cells can be 
* transferred in ATM. Further, the minimum spacing for 

J- transferring the cells in the same line is determined by the 
k. PCR value. Hereinafter, the term "PCR value- in the present 
4 specification is used for indicating the number of cells which 
can be transferred within one time slot in each line. That is, 
for example, in a line such that the pcr value is m,« four 
cells can be sent per turn of the time slot. 

An example of a conventional technique for allocating 
cells in each line respectively to positions dispersed within 
the time slot win be explained. Fig. 4 is a diagram 
illustrating an example of a conventional scheduling technique 
for allocating individual cells respectively to positions 
dispersed within a time slot, wherein the length of the time 
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slot is 16- 

At the outset, a cell read sequence management cable is 
provided which is a table having a length corresponding to the 
maximum number o£ cells allocable to the time slot (hereinafter, 
5 this number of cells is referred to as "TEN*). 

Elements, the number of which is equal to the number of 
cells transferred within one time slot in each data to be 
transferred {that is, corresponding to the PCR value of each 
data) , are ensured together within the cell read sequence 
10 management table. In the example shown in Pig. 4, the PCR 
value of ATM lines (or data to be transferred) indicated by "A" 
and is w 2," the PCR value of "C is "1/ and the elements 

(jj- are successively ensured from the head element within the cell 
| read sequence management table. 

as 

$.5 In the time slot, slots respectively to which the cells 

■A- 

J are allocated are designated corresponding to the sequence of 
individual elements in the cell read sequence management table, 
J and the cells in each line to be sent are allocated respective 

if 

f. to the designated positions. In the example shown in Pig. 4, 
§0 the cells of "A" are allocated to slots corresponding to 
numbers 1 and 2, and the cells of "B" are allocated to slots 
corresponding to numbers 3 and 4 , 

in the time slot, the cells allocated to the respective 
slots are successively sent clockwise. That is, in the 
25 sequence in the cell read sequence management table, 1, 9, 5, 

13, are sent in that order. Thus, the cells in the same 

line are sent in the dispersed state. For example, in Fig. 4, 
the two cells in "A" or "B" are allocated to positions which 
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face each other within the time slot. Therefore, at a rate for 
sending the two cells in one turn, the cells are successively 
sent at equal spacing. 

Thus, schedul mg of the cell read sequence management 
5 table based on the PCR value in each ATM line in a service 
object: followed by the control of read according to the 
scheduled cell read sequence management table can ensure the 
transfer rate in the transfer of each cell in each ATM line of 
the service object. 
10 Successive positions in the sequence within the cell read 

sequence management table can be converted to respective 
positions dispersed within the time slot, for example, by the 
following method. 

Fig. 1 shows an exampl* of calculation in a method for 
converting the positions of the cell read sequence management 
tabic to respective positions within the time slot, and Fig, 3 
shows a list of the results of the conversion. 

In this example, a time slot length of 16 - is taken as an 
example. The same is true of other cases where the length is a 
value obtained by raising 2 to the nth power wherein n is an 
integer (for example, 32, 64, . .. etc.). Here the length of 
the cell read sequence management table £a equal to the length 
of the time slot, and thus can be expressed in terms of binary 
number of which the number of digits is calculated by equation 
log 2 L wherein l is the length of the table, in this example, 
log 2 (16) * 4 (digits) . 

As shown in Pig. 2, "1* is first subtracted from each 
value in the sequence, and the value thus obtained is expressed 
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in terms of binary number of four digits. The numerical values 
CO" or of the individual digits expressed in terms of 

binary number are converted so as to be reversed in sequence. 
That is, MSB (most significant bit) side and LSB {least 
significant bit) side in the value expressed in terms of binary 
number of four digits are reversed in sequence to obtain a new 
binary number. "1" is added to the binary number thus obtained 
to determine a value which is regarded as the corresponding 
time slot position. 

For example, in the "8th" within the cell read sequence 
management table, the subtraction of "1* from this value 
followed by the expression of the obtained value in terms of a 
four-digit binary number gives "0111" (« 7). These individual 
digits are rearranged so as to be reversed in sequence to give 
;.*15 a value of "1110" 14). Finally, "1" is added to this value 

to obtain the corresponding time slot position "15* as the 
conversion result. 

Here values obtained by raising 2 to the nth power, 
wherein n is an integer, are used as the maximum rate (PCR 
2 0 value) of the band in each service ATM line, and the cell read 
sequence management table is scheduled based on the pck values. 
The use of values obtained by raising 2 to the nth power, 
wherein n is an integer, {i,e,, 1, 2, 4, 0, etc-) as the 

pcr value is common in the art- In this method, the properties 
25 of the binary number can be utilized, and the processing can be 
simplified. 

In particular, this conversion method is suitable in the 
case where, in the cell read sequence management table, 
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elements cox-responding to the PCR value (value obtained by 
raising 2 to clue nth power wnerein n is an integer) are 
continuously ensured from a position which is one ahead of the 
position corresponding to a value obtained by multiplying the 
PCR value by an integer, chat is, a position which is next to 
the position corresponding to a value obtained by multiplying 
the PCR value by an integer. The elements, which have been 
ensured here, are dispersed at equal spacings in the time slot. 
Further, ensuring the elements corresponding to the PCR value 
(value obtained by raising 2 to the nth power wherein n is an 
integer) from one ahead of the position corresponding to a 
value obtained by multiplying the PCR value by an integer can 
U be simply achieved by arranging the elements corresponding to 
0 the PCR value in each line in the descending order of the PCR 
j|.5 values from the head, 

r For exa mple, in the example shown in Fig. 4, the three 

Z lines "A," »b." and "c» having respective pcr value* of "2 » 
4 "2," and »i» are successively arranged in the descending order 
3 of the PCR values to ensure the elements corresponding to the 
20 PCR values in the cell read seauence management table. This 
permits the elements to be allocated at equal spacings to the 
time slot, whereby cells in each line are sent at equal 
intervals. 

Further, to the contrary, in the prior arc. in order to 
25 transfer cells sent from each line at an even rate, in the cell 
read sequence management table, the elements for each line are 
successively arranged so that the PCR values are in descending 
order by the above method. 
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In the ATM switch which transfers cells in each of the 
ATM lines, however, data is not: always sent at a stationary 
data transfer rate. That is, in some cases, the transfer of 
data is ended halfway in each line, or, on the contrary, in 
5 some cases, in each line, new data transfer is started. 

For this reason, in the conventional atjm switch, as 
described above, the individual lines are scheduled from the 
head of the cell read sequence management table in the 
descending order or pgr values and, at the same time, so as to 
10 avoid the occurrence of an unused idle area between lines, and 
the positions of each line within the cell read sequence 
management table are properly updated. 

Next, a conventional scheduling system will be explained 
wherein a cell read sequence management table is scheduled by 
ilS the above method. 

Fig- 6 is a block diagram showing the construction of a 
scheduling system 100a for controlling the read of cells in a 
conventional ATM line. 

Referring now to Pig. 6, in a conventional scheduling 
20 system 100a f data received in a line setting interface 10 is 
first supplied to a schedule computation section 20a, and 
calculation for scheduling of the cell read management table is 
executed. 

An allocation processor 3 0 sets, in a time slot 40, the 
25 result of scheduling calculated by the schedule computation 
section 20a. in other words, the allocation processor 3 0 
converts the individual elements in the cell read management 
table to respective positions in the time slot 40 by the 
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conversion method shown in Figs, 2 and 3. 

Shaping service, which has assured the rate of each ATM 
line, can be carried out by reading an ATM line, input into the 
device, from a connection input queue 50 to a shaping service 
5 output queue 6 0 according to the time slot setting. 

The construction and operation of the conventional 
schedule computation section 20a shown in Fig. € are as follows. 
Specifically, data Bent from the line setting interface 
10 is processed in a parameter processor, and is output to a 
10 schedule object computation section. Upon new receive of line 
or delete of line, the schedule object computation section 
computes a line, in the cell read sequence management table, of 
which the position is to be changed. In the conventional 
schedule computation section 20, ATM lines as the schedule 
|1S change object are a part of lines having the same PGR value as 
PGR values of lines, of which a line is to be newly received or 
deleted, and all of lines having a smaller PCR value . 
*■ A schedule clear section clears the cell read sequence 

I management table of which the schedule is to be changed. The 
"20 schedule computation section performs scheduling in the 
descending order of pcr values of lines (i.e., a line having a 
larger pcr value among the lines as the computed schedule 
change object is scheduled in an earlier stage} in a successive 
manner from the head of idle areas in the cell read sequence 
25 management table. The reason for this is that scheduling in 
the descending order of PCR values of lines can provide better 
receive efficiency of the cell read sequence management table 
from the viewpoint of assuring the rate of ATM lines to be 
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shaped, 

Further, as described above, when PCR values are values 
obtained by raising 2 to the nth power, wherein n is an integer, 
scheduling in the descending order of PCR values of lines (i.e., 
5 a line having a larger PCR value is scheduled in an earlier 
stage) rrom the Head of idle areas in the cell read sequence 
management table can ensure positions assuring the rate in the 
cell read management table. 

Here when lines have nor been aligned, chat is, when the 
10 individual lines have been successively scheduled from the head 
in idle areas of the cell read sequence management table 
without alignment, however, the arrangement of lines in the 
descending order is broken and, consequently, there is a fear 
of the assurance of line rate being lost. 

Fig. S is a diagram illustrating the read of cells in the 
case where the arrangement of lines in descending order in a 
cell read sequence management table has been broken, in Fig. 5, 
three lines shown in Fig. 4 are arranged in the order of "C, » 
"A, 11 and "B/ that is, in the order of PCR values "1," "2," and 
"2." Unlike the example of Fig. 4 in which cells have been 
sent at equal intervals, in the lines "a" and "B, " cells are 
sent at uneven intervals which do not satisfy a send interval 
requirement indicated by the PCR value. 

Therefore, in the prior art, when a schedule Is newly 
received or changed, as described above, the individual lines 
as the processing object should be aligned. 

As described above, in the conventional scheduling system, 
every time when a change has occurred in a line to be cataloged 
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in the cell read sequence management cable, Troublesome 

; processing should be carried out such that all the cataloged 

i 

1 lines are aligned in the descending order of PCR values and 
rearranged from the head. 
5 An example of a conventional measure devised to deal with 

j this problem is as follows. In order that, among lines 

[ cataloged in the cell read sequence management table, lines 

! having a larger PCR value than the PCR value of the line, in 

| which the change has occurred, do not undergo a change in the 

i 

10 position within the cell read sequence management table upon 

! the rescheduling, the object of the position conversion 

fa processing is limited only to a part of lines having the same 

# PCR value as the PCR value of the line, in which the change has 

Si 

[|| occurred, and all the lines having smaller PCR values than the 

LS.5 line, in which the chang-e has occurred, followed by computation 

jw 

IK | 

N of rescheduling* Even when the object of the rescheduling is 

f 

iH limited to a narrower range in this way, however, there remains 

ID 

|I4 the necessity of executing troublesome processing such that, 

i ^ 

PI every time when a change, such as new addition of a line, has 
r 20 occurred, the lines are aligned and rearranged. 

SttMMARY OV THE 1NVBNTTON 

j Accordingly, it is a first object of the invention to 

provide a scheduling system, which can solve the above problems 
25 of the prior art and, without requiring, for example, 
complicate construction and complicate processing, can assure 

| the rate of each line and can execute high-speed, high- capacity 
data transfer, and a scheduling method for said scheduling 
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system. 

It is a second object of the invention to provide a 
scheduling system, which can solve the above problems of the 
prior art and can significantly reduce the necessity of update 
5 of the cell read sequence management table through the 
provision of an additional table for properly managing and 
updating positions of individual lines within the cell read 
sequence management table, and a scheduling method for said 
scheduling system. 
10 According to the first feature of the invention, a 

scheduling system comprises: 

a time slot for specifying the transfer sequence of 

y% individual lines in one turn, in which each cell is transferred, 

si ■ 

• in slots indicating respective points in the turn; 

:j$.5 a cell read seauence management table which has elements 

in the same number as the number of slots provided in the time 
fa, slot and sets the lines as cell transfer objects to the 
:C elements; 

schedule computation means for controlling tiie setting of 
^2Q the lines to the cell read sequence management table; 

allocation processing means for converting the elements 
of the cell read sequence management table respectively to 
specified positions of the slots in the time slot; and 

a schedule management table for indicating positions, 

I 

| 25 within the cell read sequence management table, to which 

I 

; transfer object lines are newly set, for each pcr value of the 

lines, said pcr value being the number of cells, transferred 
j from the line, per cell transfer turn and representing the cell 
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I 

I send rate of each line, 

the specified line cells being successively transferred 
for each turn according to the sequence specified in the time 
slot, 

5 the cell read transfer sequence in each line being 

! controlled according to the cell send rate in each of the lines. 

1 

in the scheduling system according to the first feature 
of the invention, the schedule computation means 

preferably comprises : 

i 

i 10 means which, when a requirement is satisfied such that 

i there is an idle element, in the cell read sequence management 

jO table, which is located one element ahead of a position of an 

41 

JJ element corresponding to a value obtained by multiplying the 

Si 

M specified PCR value by an integer, and the contemplated line 

,^L5 can be set to continuous elements starting from the idle 

^ element and corresponding to the specified PCR value and, in 

.f* addition, when an clement is present in the heading area of the 

13 

|4 continuous elements, functions to catalog the position of said 
element, which is located one element ahead of a position of an 

r 20 element corresponding to a value obtained by multiplying the 
specified PCR value by an integer, as data indicating the set 
position of the line having the specified PCR value, in 
relation with the PCR value in the schedule management table; 

i 

j means which, when a line to be newly transferred has 

j 25 occurred, newly sets the line to continuous elements 
| corresponding to the PCR value of the line, in the cell read 
; sequence management table, from the set position corresponding 
j to the PCR value of the line recorded in the schedule 
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! management table; 

means which, when the communication of a line being 
; currently transferred has been deleted, cancels the setting of 

the line from the element, in the cell read sequence management 
i 5 table, to which the line has been set; and 

j means which, when new setting or delete of a transfer 

object 1 ins has occurred* updates the catalog of the schedule 
management tatol e . 

In the scheduling system according to the first feature 

\ 10 of the invention, the allocation processing means 

j preferably comprises; 

* 5 ? means which converts the elements within the cell read 

# sequence management table, to respective specified positions 

J 

: 4J within the time slot, based on the designation of the slot 
^5 position as the conversion destination for each element 

hi . fc 

specified in such a manner that the continuous elements 
corresponding to the PGR value, that have been ensured from a 
h k position which is one element ahead of a position of an element 
<g| corresponding to a value obtained by multiplying the PGR value 
20 by an integer, in the cell read sequence management tabic are 
! converted to respective positions dispersed at equal spacings 

j in the time slot; and 

means which, when a line is in the state of being set to 
elements in the cell read sequence management table, performs 
25 specifying and setting, in a slot as the conversion destination 
of the line in the time slot, so as to transfer cells of the 
line. 

In the scheduling system according to the first feature 
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1 of the invention, preferably, the number of slots in the 

time slot and the PCR value of each of the lines each are a 
j value obtained by raising "2" to the nth power, wherein n is a 

I non-negative integer* 

, 5 In the scheduling system according to the first feature 

i of the invention, preferably, 

the conversion from the cell read sequence management 
i table to the time slot is carried out by a method comprising 

the steps of: 

{ 10 raising "2» to the "Ath" power, wherein "A* is an 

i integer, to provide a value as the length of the time slot; 

Q indicating the positions of the individual elements in 

IX the cell read sequence management table and the slot positions 

' ■} of the time slot by using continuous numbers from "1" to the 

iHh 

!Nt5 value of the time slot length; 

•# 

tij taking each element from the cell read sequence 

is 

management table; 

subtracting ~i" from the value of the continuous numbers 

!y in the element and expressing the obtained value in terms of 

jP 

JfSO binary number of "A" digits while, when a high order value is 

I absenti supplementing " 0 " ; 

i converting the numerical values of the M A H digits 

j expressed in terms of binary number so as to be reversed in 

I 
i 

sequence with respect to the arrangement from higher order 
i 25 digit to lower order digit to provide a converted binary number 

of "h" digits; and 
i adding "1" to the value of the converted binary number of 

' "A" digits to determine a value as a slot position, in the time 
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slot, which is the element conversion destination. 

In the scheduling system according to the first feature 
of the invention, preferably, the schedule computation 

means performs a function such that, upon the cancellation of 
5 the setting of a line from the elements in the cell read 
sequence management table, if another line having a smaller PCR 
value chan said line is in the state of being set to a position 
behind the position to which the said line has been set, the 
set position of said another line is moved to the position from 
10 which the setting of said line has been cancelled. 

in the scheduling system according to the first feature 
SI of the invention, preferably, the schedule computation 

4%. means performs a function such that, upon the cancellation of 
jj the setting of a line from the elements in the cell read 
|5 sequence management table, if other lines having a smaller PCR 
^ value than said line are in the state of being set to positions 
behind the position to which the said line has been sec, the 
set position of one line, which has the largest PCR value in 
J4 said other lines and is located in the rearmost position of 
r lo said other lines, is moved to the position from which the 
setting of said line has been cancelled. 

In the scheduling system according to the first feature 
of the invention, the line may be an ATM line. 

According to the second feature of the invention, a 
25 scheduling method comprises the steps of; 

indicating the send rate of cells in each line in terms 
of pcr value which is the number of cells, transferred from the 
line, per cell transfer turn; 
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successively transferring cells of a specified line 
according to the sequence specified in slots, in a time slot 
for specifying the transfer sequence of individual lines in the 
cell transfer turn, indicating each point in the turn; 
s controlling the setting of each line in a cell read 

I sequence management table which has elements in the same number 

1 as the number of slots provided in the time slot and sets the 

; lines as cell transfer objects to the elements; 

converting the individual elements in the cell read 
: 10 sequence management table to respective specified slot 
\ positions in the time slot; and 

Q properly updating and making reference to a schedule 

U*sf- management table which indicates positions, within the cell 

Is 5?.' 

2 read sequence management table, to which transfer object lines 

fl 

HfL5 are newly set, for each PCR value of the lines, 
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the cell read transfer sequence in each line being 
controlled according to the cell send rate in each of the lines - 
JT The scheduling method according to the second feature of 

^| the invention may further comprise the steps of: 

11*50 when a requirement is satisfied such that there is an 

idle element, in the cell read sequence management table, which 

1 

is located one element ahead of a position of an element 
corresponding to a value obtained by multiplying the specified 
PCR value by an integer, and the contemplated line can be set 
25 to continuous elements starting from the idle element and 
corresponding to the specified PCR value and, in addition, when 
an element is present in the heading area of the continuous 
elements, cataloging the position of said element, which is 
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located one element ahead of a position of an element 
corresponding to a value obtained by multiplying the specified 
PCR value by an integer, as data indicating the set position of 
the line having the specified PCR value within the cell read 
5 sequence management table, in relation with the PCR value in 
the schedule management table; 

when a line to be newly transferred has occurred, newly 
setting the line to continuous elements corresponding to the 
PCR value of the line, in the cell read sequence management 
10 table, from the set position corresponding to the PCR value of 
the line recorded in the schedule management table; 

when the communication of a line being currently 
transferred has been deleted, canceling the setting of the line 
from the element, in the cell read sequence management table. 
j|5 to which the line has been set; and 

when new setting or delete of a transfer object line has 
occurred, updating the catalog of the schedule management table. 

The scheduling method according to the second feature of 
the invention may further comprise the steps of: 
j 20 converting the elements within the cell read sequence 

management table, to respective specified positions within the 
time slot, based on the designation of the slot position as the 
conversion destination for each element specified in such a 
manner that the continuous elements corresponding to the PCR 
value, that have been ensured from a position which is one 
element ahead of a position of an element corresponding to a 
value obtained by multiplying the PCR value by an integer, in 
the cell read sequence management table are converted to 
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respective positions dispersed at equal apacings in the time 
slot; and 

when a line is in the state of being set to element© in 
the cell read sequence management table, performing specifying 
S and setting, in a slot as the conversion destination of the 
line in the time Blot, so as to transfer cells of the line. 

in the scheduling method according to the second feature 
of the invention, preferably, the number of slots in the time 
slot and the PCR value of each of the lines each are a value 
10 obtained by raising "2" to the nth power, wherein n is a non- 
negative integer, 

I I* the scheduling method according to the second feature 

i of the invention, preferably, 

5 the conversion from the cell read sequence management 

J 

JjjLS table to the time slot is carried out by a method comprising 
" the steps of: 

I raising »2" to the "Ath" power, wherein "A" is an 

* integer* to provide a value as the length of the time slot; 
| indicating the positions of the individual elements in 

20 the cell read sequence management table and the slot positions 

of the time slot by using continuous numbers from "1" to the 

value of the time slot length; 

tafcing each element from the cell read sequence 

man a gem en t table; 

25 subtracting "1" from the value of the continuous numbers 

in the element and expressing the obtained value in terms of 
binary number of "A" digits while, when a high order value is 
absent/ supplementing *0"; 
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converting the numerical values of the "A" digits 
expressed in terms of binary number so as to be reversed in 
sequence with respect to Che arrangement from higher order 
digit to lower order digit to provide a converted binary number 
5 of "A" digits; and 

adding "l" to the value of the converted binary number of 
"A 1 ' digits to determine a value as a slot position, in the time 
slot, which is the element conversion destination. 

In the scheduling method according to the second feature 
10 of the invention, preferably, upon the cancellation of the 
setting of a line from the elements in the cell read sequence 
! management table, if another line having a smaller PGR value 

<"f than said line is in the state of being set to a position 

J 

8 behind the position to which the said line has been set, the 

i 

|L5 set position of said another line is moved to the position from 

which the setting of said line has been cancelled. 
T J In the scheduling method according to the second feature 

* of the invention, preferably, upon the cancellation of the 
J setting of a line from the elements in the cell read sequence 
20 management table, if other lines having a smaller PCR value 
than said line are in the state of being set to positions 
behind the position to which the said line has been set, the 
set position of one line, which has the largest PCR value in 
said other lines and is located in the rearmost position of 
25 said other lines, is moved to the position from which the 
setting of said line has been cancelled. 

In the scheduling method according to the second feature 
of the invention, the line may be an ATM line. 
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According to the third feature of the invention, an ATM 
switch comprises a scheduling system such that the cell read 
transfer sequence in each ATM line is controlled according to 
the cell send rate in each of the ATM lines, wherein 
5 said scheduling system 

expresses the cell send rate, in each of the ATM lines, 
in terms of PGR value, which is the number of cells, 
transferred from the ATM line, per cell transfer turn and 
comprises : 

10 a time slot for specifying the transfer sequence of the 

ATM lines in one turn, in which each cell is transferred, in 
| slots indicating respective points in the turn; 

f a cell read sequence management table which has elements 

5 in the same number as the number of slots provided in the time 

.1 

^L5- slot and sets the ATM lines as cell transfer objects to the 
^ elements ; 

% schedule computation means for controlling the setting of 

the ATM lines to the cell read sequence management table; 

allocation processing means for converting the elements 
of the cell read sequence management table respectively to 
specified positions of the slots in the time slot; and 

a schedule management table for indicating positions, 
within the cell read sequence management table, to which 
transfer object ATM lines are newly set, for each PCR value of 
25 the ATM lines, 

the specified ATM line cells being successively 
transferred for each turn according to the sequence specified 
in the time slot. 
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In the ATM switch according to the third feature of the 
invention, preferably. che schedule computation means 
comprises: 

means which, when a requirement is satisfied such that 
5 there is an idle element, in the cell read sequence management 
table, which is located one element ahead of a position of an 
element corresponding to a value obtained by multiplying the 
specified PCR value by an integer, and the contemplated ATM 
line can be set to continuous elements starting from the idle 
10 element and corresponding to the specified PGR value and, in 
addition, when an element is present in the heading area of the 
continuous elements, functions to catalog the position of said 
element, which is located one element ahead of a position of an 
element corresponding to a value obtained by multiplying the 
■ft 5 specified PCR value by an integer, as data indicating the set 
position of the ATM line having the specified pcr value, in 
j relation with the PCR value in the schedule management table; 

means which, when an ATM line to be newly transferred has 
occurred, newly sets the ATM line to continuous elements 
corresponding to the PCR value of the ATM line, in the cell 
read sequence management table- from the set position 
corresponding to the PCR value of the ATM line recorded in the 
schedule management table; 

means which, when the communication of an ATM line being 
25 currently transferred has been deleted, the setting of the ATM 
line is cancelled from the element, in the cell read sequence 
management table, to which the ATM line has been set; and 

means which, when new setting or delete of a transfer 
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1 

object ATM line has occurred, updates the catalog of the 
schedule management table - 

in the ATM switch according no the third feature of the 
invention, preferably, the allocation processing means 
5 comprises : 

means which converts the elements within the cell read 
; sequence management table, to respective specified positions 

within the time slot, based on the designation of the slot 
position as the conversion destination for each element 
! 10 specified in such a manner that the continuous elements 
corresponding to the PCR value, that have been ensured from a 
%4 position which is one element ahead of a position of an element 
y5 corresponding to a value obtained by multiplying the PCR value 
jj by an integer, in the cell read sequence management table are 
.4.5 converted to respective positions dispersed at equal spacings 

in the time slot; and 
If means which, when an ATM line is in the state of being 

■y, set to elements in the cell read sequence management table, 
q performs specifying and setting, in a slot as the conversion 
r 2o- destination of the ATM line in the time slot, so as to transfer 
cells of the ATM line. 

in the ATM switch according to the third feature of the 
invention, preferably, the number of slots in tha time slot and 
the PCR value of each of the ATM lines each are a value 
25 obtained by raising "2" to the nth power, wherein n is a non- 
negative integer* 

in the ATM switch according to the third feature of the 
invention, preferably. 
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the conversion from the cell read sequence management 
table to the time slot is carried out by a method comprising 
the steps of: 

raising "2" to the "Ath" power, wherein "A" is an 
5 integer, to provide a value as the length of the time slot; 

indicating the positions of the individual elements in 
the cell read sequence management table and the slot positions 
of the time slot by using continuous numbers from "1" to the 
value of the time slot length; 
.0 taxing each element from the cell read sequence 

management table; 

subtracting "1" from the value of the continuous numbers 
in the element and expressing the obtained value in terms of 
binary number of "A" digits while, when a high order value is 
5 absent, supplementing "0"; 

converting the numerical values of the "A" digits 
expressed in terms of binary number so as to be reversed in 
sequence with respect to the arrangement from higher order 
digit to lower order digit to provide a converted binary number 
0 of "A" digits; and 

adding "1" to the value of the converted binary number of 
"A" digits to determine a value as a slot position, in the time 
slot, which is the element conversion destination. 

In the ATM switch according to the third feature of the 
5 invention, preferably, the schedule computation means performs 
a function such that, upon the cancellation of the setting of 
an ATM line from the elements in the cell read sequence 
management table, if another ATM line having a smaller PCR 
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value than said ATM line is in the state of being set to a 
position behind the position to which the said ATM line has 
been set, the set position of said another ATM line is moved to 
the position from which the setting of said ATM line has been 
5 cancelled* 

in the ATM switch according to the third feature of the 
invention, preferably, rfte schedule computation means performs 
a function such that, upon the cancellation of the setting of 
an ATM line from the elements in the cell read sequence 
10 management table, if other ATM lines having a smaller PCR value 
than said ATM line are in the state of being set to positions 
behind the position to which the said ATM line has been set, 

a 

the set position of one ATM line, which has the largest PGR 

i 

l value in said other ATM lines and is located in the rearmost 
™1S position of said other ATM lines, is moved to the position from 
which the setting of said ATM line has been cancelled. 



If" . 

I BRiqp PBSCKTFTIOST PF THE PKAWTNGS. 

t The invention will be explained in more detail in 

■4 

%0 conjunction with the appended drawings, wherein: 

Fig • 1 is a diagram showing an example of conventional 
scheduling of a cell read sequence management table; 

Fig. 2 is a diagram showing an example of computation in 
a mettiod for converting individual positions in a cell read 
25 sequence management table respectively to positions within a 
time slot; 

Fig- 3 is a diagram showing a list of conversion results 
obtained by the computation method shown in Fig. 2; 
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Pig* 4 is a diagram illustrating an example of scheduling 
for allocating individual cells respectively to positions 
dispersea within a time slot; 

Pig. 5 is a diagram illustrating the read of cells in the 
5 case where the arrangement of lines in descending order has 
been broken in the conventional cell read sequence management 
table; 

Pig. 6 is a block diagram showing the construction of a 
conventional scheduling system; 
0 Fig. 7 is a block diagram showing the construction of a 

scheduling system according to a first preferred embodiment of 
the invention; 

Fig. 8 is a diagram showing an example of a cell read 
seauence management table in the first preferred embodiment of 
A. 5 the invention; 

Pig. 9 is a diagram showing an example of a schedule 
management table in the first preferred embodiment of the 
invention; 

Fig- 10 is a flow chart illustrating an example of line 
20 receive processing in the first preferred embodiment of the 
invention; 

Fig. ll is a flow chart illustrating an example of line 
delete processing in the first preferred embodiment of the 
invention; 

25 Fi 9- 12 is a diagram illustrating an example of update of 

a parameter for managing idle areas in the first preferred 
embodiment of the invention; 

Pig. 13 is a diagram illustrating an example of 



200 1*1 (Wild 16^14^ H1RAIA&PARTNERS NO. 2222 P. 34 

26 

computation of a position correction value with the movement or 
the position in the first preferred embodiment of the 
invention; 

Pig. 14 is a diagram illustrating an example of the 
5 movement of a move object line in the first preferred 
embodiment of the invention; 

Pig, 15 is a diagram illustrating an example of the 
correction of allocation position of a schedule management 
parameter in the first preferred embodiment of the invention; 
10 and 

Pig, 16 is a diagram showing an example of scheduling of 
| a cell read sequence management table in the first preferred 
i embodiment of the invention. 

I s DgSCRTPTTON OF THE PREFER RED EMBODIMENTS 

Preferred embodiments of the invention will be explained 
* in detail in conjunction with the accompanying drawings. 
A Fig. 7 is a block diagram showing the construction of a 

=1 scheduling system in a first preferred embodiment of the 
%0 invention. 

The scheduling system according to this preferred 
embodiment of the invention is a system which manages the 
sequence of the read of cells for each ATM line, for example, 
in an ATM switch* In this system/ each line is properly set in 
25 a cell read sequence management table for setting the sequence 
of the read of cells, thereby managing the sequence of the read 
of cells. 

Further, as explained below, each line is efficiently set 
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in the cell read sequence management table to realize the 

j 

•update of the cell read sequence management table by minimized 

i 

I processing, even in an environment such that the receive or 

! delete of lines is repeatedly carried out. 

; 5 Referring now to Fig- 7, a scheduling system 100 

i 

j according to this preferred embodiment comprises a lines setting 

! interface 10, a schedule computation section 20, an allocation 

j processor 30, and a time slot 40, and receives a connection 

input queue 50 and outputs a shaping service output queue 60. 
10 Bach of these sections can realize, for example, using a 
! semiconductor circuit or the like for executing the processing 

tJ of each of the sections. The scheduling system 100 shown in 

Ml 

Pig. 7 is different from the conventional scheduling system 
100a shown in Pig. 6 mainly in a schedule computation section 
,|L5 20 and its processing which will be explained later. 

Pig. 8 is a diagram showing an example of a cell read 
bh sequence management table in the first preferred embodiment of 
hk the invention. 

fi According to the scheduling system in this preferred 

r 50 embodiment, the schedule computation section 2 0 performs 
control in such a manner that individual lines are ensured, 
based on PCR values (obtained by raising 2 to the nth power 
wherein n is an integer) , in the cell read sequence management 
table from its position which is one ahead of the position 
25 corresponding to a value obtained by multiplying the PCR value 
by an integer. The ensured individual lines are converted 
according to the method for convention to a time slot 
exemplified in Figs, 2 and 3, and cells in the lines are read 
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and transferred in the converted {sequence in the time slot- As 
described above in the column ot the background of the 
invention, the elements of the lines ensured from the position! 
which is one ahead of the position corresponding to a value 
5 obtained by multiplying the PCR value by an integer, as 
described above in connection with the example shown in Fig. 8, 
are positioned at equal spacings within the time slot, and, 
thus/ proper transfer of cells according to the send rate of 
each line can be realized. 
10 when the line can be ensured in a plurality of sites, the 

line is ensured in the first site {the smallest number site) . 
In this case, since a wide unused area is ensured in the rear 
part of the table, subsequent new line.s can be efficiently 
ensured. 

Here in the conventional scheduling system 100a, when the 
receive or delete of a line has occurred, all the positions of 
the lines in the cell read sequence management table should be 
aligned- This is necessary for properly ensuring the lines 
from the position which is one ahead of the position 
corresponding to a value obtained by multiplying the PCR value 
by an integer. 

By contrast, in the scheduling system in the present 
preferred embodiment, proper line scheduling can be realized, 
without necessity of alignment processing, by the provision of 
a schedule management table showing proper allocation positions 
based on the PCR values of the lines and the arrangement of the 
lines in designated positions of the table, rather than the 
adoption of the method wherein the lines are aligned in the 
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descending order of PCR values. 

Fig* 9 is a diagram showing an example of a schedule 
management: cable, in the present preferred embodiment, with 
respect to the example of the cell read sequence management 
5 table shown in Pig. 8. In Pig, 9, PCR values of lines are 
shown in the column of "EK, * and proper allocation positions 
corresponding respectively to the PCR values of the lines are 
shown in the column of "PEP « M 

Here, as described above, the proper allocation positions 
10 of the lines In the schedule management table begin from the 
position which is one ahead of the position corresponding to a 
I value obtained by multiplying the PCR value of the line by an 
integer and, at the same time, has the smallest number. 

The line having a PCR value of u l" can be allocated to 
|L5 the "8th" position of the cell read sequence management table, 
^ and the line having a PCR value of u 2" can be allocated to the 
■k "ISth" position of the cell read sequence management table. 
4 Lines having a PCR value of M" or more cannot be allocated to 
idle areas between other lines and are allocated from the 
20 *25th" position which is the final position. 

When a new line has been positioned based on the schedule 
management table or when a line has been deleted, the schedule 
computation section 20 updates the values in the cell read 
sequence management table. The update of the schedule 
25 management table is much simpler than the conventional 
alignment processing which requires the operation of the cell 
read sequence management table per se. Therefore, a 
significant reduction in processing necessary for scheduling 
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J can be realised. 

Thus, in the scheduling system according to this 

; preferred embodiment, the use of the schedule management table 

! 

permits the lines to be properly ensured from the position, 
5 which is one ahead of the position corresponding to a v&lue 
obtained by multiplying the PCR value of the line by an integer, 
i without the necessity of alignment of the cell read sequence 

management table. 

i 

! In the cell read sequence management table in this 

I 

j 10 preferred embodiment, as is apparent from the example shown in 
j Fig. 8, even when an idle area has occurred between the ensured 

i 

;M line areas or even when the arrangement in the descending order 

© of PCR values of the cells has been broken/ there is no need to 

N 

£ execute the processing of alignment of the lines. 

'|5 When there is an idle area between the ensured line areas, 

however, the movement of a line in the rear part of the cell 
read sequence management table so as to fill the idle area 

G 

%h permits a wider unused area to be ensured in the rear part. 
!p Therefore, such move processing is useful. Accordingly, in an 
.20 example which is effective in this preferred embodiment, the 
; following method is considered. At the time of the delete of a 

line from the cell read sequence management table, when an idle 

i 

area has occurred between the lines or when the idle area has 
been expanded, a search is made for whether or not there is a 
I 25 line, which can fill the idle area, behind the idle area. When 
the contemplated line is present, the line is moved into the 

; iaie area to fill the idle area or to narrow the idle area. 

i 
i 

, The processing for moving one line in this method is much 
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simpler than the processing for aligning all the lines. 
Therefore, in addition to the effect of reducing scheduling, 
the effect of ensuring a wider unused area can be attained. 

In another example, a method is also considered wherein, 
5 when a line is newly cataloged in the cell read seauence 
management table or when the line in the above example is movsd, 
only a lins having the longest PCR value, which can be 
cataloged in the idle area, is cataloged in the idle area 
between the ensured line areas. That is, in the example shown 

10 in Fig. 8, a line having a PCR value of "2" can be cataloged in 
idle areas located at the 15th to 16 th positions, and, thus, 

J even when the idle area located at the 8th position has already 

* been filled, a line having a PCR value of "l" is cataloged in 

* the 25th position, which is the final position, rather than the 
%5 idl* area located at the 15th position. This can be realized, 

in the same manner as in the above examples, through the 
determination of each value of the schedule management table by 
the schedule computation section 2 0 so as to realize the above 
scheduling . 

Next, the operation of an example of the scheduling 
system according to the present preferred embodiment, including 
computation processing in the schedule computation section 20, 
will be explained in detail- 

Various parameters, which the schedule computation 
section 20 uses for the computation of schedule, will be first 
explained. 

As shown in Fig. 7, the internal schedule computation 
section in the schedule computation section 20 is provided with 
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a schedule management table. As explained above, the schedule 
management table is a table which, for each type of PCR value 
"EN" {here l, 2< 4, 8), shows the optimal position "FEP" in the 
case of the receive of new lines. The receive of the 
5 individual lines in respective positions indicated in this 
table can assure the send rate of the lines. 

Further, the schedule computation section 2 0 has f as 
parameters, the total number of entries "TEN" indicating the 
length of the cell read sequence management table, the total 
10 number of used entries "TUEir indicating the total number of 
entries, in the cell read sequence management table, to which 
| lines have been allocated, and the final box number "TUEB* 
J indicating the cell read sequence management table in its rear 

j: 

1 end to which the line has been allocated. The schedule 

i 

f 5 computation section 20 manages these values and updates these 
parameters according to the update of the cell read sequence 
management t abl e . 

rJl 

For example, in the example shown in Pig. 8, the value of 
the total number of entries "TEN" is "32." the value of the 
20 total number of used entries "TUEN* is "21, " and the value of 
the final box number "TUEB" is "24 «* 

Further, for the explanation of the processing in the 
schedule computation section 20, "A, " "B, H w c, " "D r " »e, « and 
iipu each are used as variables of integers for indicating 
25 internal parameters . 

Fig- 10 is a flow chart for explaining processing for 
newly receiving a line within the cell read sequence management 
table according to the scheduling system in the present example, 
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and Fig , 11 is a flow chart for explaining processing for 
deleting a line from within the cell read sequence management 
table. in the flow charts, the square brackets are used for 
indicating a value obtained by omitting decimals of the 
5 numerical value within the square brackets (for example, 15/2] 
= 2) . 

The operation of the receive of a line will bs explained 
in conjunction with the flow chart shown in Pig. 10. 

In the operation of receive of the line, whether or not 
the object line can be received within the cell read sequence 
management table is judged based on the PCR value "EH" of the 
line to be received. The object line to be received is 

I cataloged in an idle area between the already cataloged lines 

4 ■ 

5 or in an unused area at the end- 

f-5 At the outset, judgment is made on whether or not an idle 

area, which can receive a line requested to be received/ is 
present within the already scheduled cell read sequence 
management table (step 401) . 

When the judgment is such that an idle area corresponding 
to the object line is present, corresponding data "FEF* is read 
from the schedule management cable and is decided as an 
allocation position of the line within the cell read sequence 
management table, followed by th* allocation of the line to the 
position (step 402} . This updates the cell read sequence 
management table, and, hence, the corresponding update is 
perrormed on the schedule management table (step 403). 

In the case where the judgment on the receive of the line 
in an idle area is such that the line cannot be received in the 
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idle area and, at the same time, the judgment on the receive of 
the line in an unused area in the cell read sequence management 
table (step 404) is such that the line cannon he received (step 
405), the receive of the line is judged to be impossible 
5 followed by the end of the line receive processing. 

Here there is a case where, even though the receive of a 
line in the idle area is impossible, the allocation of th* line 
to an unused area has been judged to be possible. In this case, 
a position in the unused area, which can receive the line and 
is suitable for the receive of the line (that is, a position 
which is one ahead of the position corresponding to a value 
obtained by multiplying the PGR value by an integer) , is 
computed (step 406) , and is decided as a position for receiving 
the object line (step 407). After the decision of the line 
|5 receive position, the schedule management table is updated. 

■a 

As described in each of the above examples, the schedule 

7 management table is updated so that each line is allocated by a 

4 

I desired method. In this example, the schedule computation 
1 section 20 executes the following update processing. 
50 Parameters for managing a new idle area produced after 

the receive of a line are first updated as shown in Fig. 12 
(steps 406 to 414) . 

specifically, an idle area after the receive of a line is 
computed followed by substitution of the computation result for 
a parameter "C (step 408), and the following processing is 
carried out one by one from lines of a smaller band than the 
pcr value of the received line "EN" in descending order (step 
409) . 
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At the outset, a judgment is made on whether or not the 
line having* the PCR value can be received in the computed idle 
area (steps 410 and 411) . When the judgment is such that the 
line can t>e received, the allocation position and the idle area 
5 are updated (step 412) followed by the cataloging of the 
position as the allocation position *FEP" of the line having 
che PCR value "EXi" in Che schedule management table (step 4.13) . 

In the case where the judgment on whether or not the line 
can be received is such that the receive is impossible and, at: 
10 the same time/ the connection has been judged to be final (that 
is, the pcr value is "1") (step 414), the total number of used 
I entries "TUEN" and the final box number "TUEB" are updated 
j (step 415) to complete the line receive processing. 
J Next, the operation in the delete of a line will be 

explained with reference to the flow chart shown in Pig. 11- 

In the operation in the delete of a line, the line 
requested to be deleted is first deleted from the allocation 
position of the line "SOE" (step 501) . 

Next, the allocation move processing of the scheduled 
lines within the cell read sequence management table upon the 
delete of a line will be explained in various classified cases. 
Here a judgment is made on whether or not an idle area 
corresponding to the deleted line is present within the cell 
read management table (step 503). When the judgment is such 
that the idle area is present, a position correction value 
derived from the location movement is computed as shown in Pig. 
13 (steps 504 to 507), Here the idle area corresponding to the 
line is in a state shown in Fig. 13 according to the condition 
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in che step 505. Therefore, the allocation position after the 
location movement is corrected as indicated in che step 506 or 
step 507 . 

After the computation of the position correction value, 
5 the object line is jnoved as shown in Fig. 14 (steps 508 and 
509) . in this case, che condition in the step 500 is 
established when the length of the line to be moved is 
identical to che length of the deleted line. When the 
condition in che step 508 is not established, branching is 
10 performed without che movement of the line. 

When the location move processing has been carried out, 
due to the update of the cell read sequence management table 
caused by the location movement, the values of the schedule 
management table are updated as shown in Pig. 15 (steps 510 to 
As 516) . In the update of the schedule management table, when the 
™ position of an idle area has been moved by the move processing 
52 (steps 511 and 512) f the allocation position within the 
schedule management cable is corrected (step 513). The above 
update is sequentially carried out in the descending order of 
20 PCR values of lines (step 515) . 

After the completion of the move processing, a larger 
idle area is ensured, and, consequently „ in some cases, the 
location movement of a larger-band line can be realized. in 
this case, the PCR value of the line is updated, and the above 
25 procedure is Chen repeated (step 516) , 

in che branch in the step 503, when any idle area 
corresponding co the object line is not present within the cell 
read sequence management table, the next line receive position 
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is updated (gtep 517) , and a judgment on location movement is 
made {step 518) , Specifically, in the case where, after the 
line delete processing (step 518), the location movement of the 
line is impossible and there is no change in the final box 
5 number "TUEB, " the total number of used entries is updated to 
complete line delete processing (step 528). 

on the other hand, when the delete of a line is 
accompanied by location movement, the move processing is 
carried out (step 520) „ In this case, however, when the object 

10 line to be deleted is located at the rear end of the final box 
number, the move processing is not carried out (step 519) . The 

| update of the schedule management parameters after the location 

5 move processing (steps 521 to 526) is the same as that in the 

z steps 510 to 516. 

J5 After the completion of the update of the schedule 

^ management parameters, the total number of used entries "TUEN" 
and the final box number "TUEB* are updated to complete the 
line delete processing (step 527) . 
| As explained above, according to the scheduling system of 

lo this preferred embodiment, the position of individual lines in 
the cell read sequence management table can be properly 
allocated by simple processing, 

in the present preferred embodiment, the conversion 
method exemplified in Pigs. 2 and 3 is used in the conversion 
25 of the lines, located at the respective positions in the cell 
read sequence management table, to a time slot. However, when 
the lines are continuously ensured from a position which is one 
ahead of the position corresponding to a value obtained by 
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multiplying the PCR value by an integer, the conversion method 
for dispersing the ensured elements ac equal spacings in the 
time slot is not limited to the method shown in Figs. 2 and 3, 
and Figs. 2 and 3 merely illustrate one example of possible 
5 conversion methods. 

In this connection, it should be noted that, in all the 
above- described examples, the scheduling method for a cell read 
sequence management table according to the scheduling system of 
the present preferred embodiment is not influenced by the 
10 method for converting lines to a time slot, and the same effect 
can be attained even when other conversion methods satisfying 
W the above requirement for conversion to a time slot are adopted. 
# As described above, the scheduling system according to 

,J the invention has the following effects. 

u |5 According to the scheduling system of the invention, in a 

fel cell read sequence management table for assuring the rate of 
t| ATM lines and managing the transfer of cells, making reference 

m " . 

|4 to a schedule management table permits the position of each 

'111 

^ line to be properly determined based on the pgr value of the 
n2o line. Therefore, in the scheduling system of the invention, 
satisfying the requirements which have been necessary in the 
prior art technique, for example, the requirement for alignment 
in the descending order of PCR values and the requirement for 
the avoidance of the creation of any idle area between lines, 
2S is not required, and, thus, in the invention, scheduling can be 
realized in a proper and more flexible manner. 

in the conventional scheduling system, in order to assure 
the rate of individual ATM lines, for example, in newly 
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receiving a line or deleting a line, scheduling should be 
carried out in the descending order of PCR values and so that 
no idle area is provided between lines. For this reason, in 
the prior art technique, every time when the receive of a new 
5 line, the delete of a line or the like had occurred, 
troublesome update processing should be carried out wherein the 
individual lines are aligned and rearranged. 

The use of the scheduling system according to the 
invention can substantially eliminate the need to perform 
10 alignment and other processing every time, for example, when a 
line has been newly received. 

Processing, in the case where newly receiving a line and 
deleting a line are repeatedly carried out, according to the 
invention may be compared with processing, in the case where 
j|L5 newly receiving a line and deleting a line are repeatedly 
carried out, according to the prior art technique by comparing 
Pig. 16 (invention) with Fig. 1 {prior art technique) . In both 
Figs. 16 and l, identical processings for the add or delete of 
connection indicated from the top to the bottom in the left- 
side column are carried out. The comparison shows that, in the 
scheduling system according to the invention, the number of 
objects to be location moved is significantly reduced as 
compared with that in the prior art technique. 

For example, in newly receiving a line, in the prior art 
2S technique, a part of other connections having a PCR value equal 
to the contemplated connection and all of connections having a 
smaller PCR value than the contemplated connection should be 
moved, whereas, in the scheduling system according to the 
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invention, there is no need to move the connections* 

On the other hand, in deleting a line, in the prior art, 
a part of other connections having a PCR value equal to the 
contemplated, connection and all of connections having a smaller 
5 PCR value than the contemplated connection should be moved, 
whereas, in the scheduling system according to the invention, 
what is required is only to move one connection having a PCR 
value equal to or larger than the contemplated connection. 

Further, also in the unused (free) area within the cell 
10 read sequence management table, the invention has no 

disadvantage over the prior art technique. 
| This is apparent from Pig. 16 (example of invention) and 

I Pig. 1 (example of prior art) which each show a table 

1 illustrating conversion to the number of lines having PCR 
5 values obtained by raising 2 to the nth power, wherein n is an 

integer, in the unused area within the cell read sequence 
management table. The comparison of Pig, 16 with Pig. 1 shows 
that, in the scheduling system according to the invention, the 
same quantity of line as the prior art technique can be newly 
received in each step of this example. 

As is apparent from the foregoing description, the use of 
the scheduling system according to the invention can 
significantly reduce the processing necessary for scheduling 
while realizing the same line capacity as the prior art 

2 5 technique. 

The invention has been described in detail with 
particular reference to preferred embodiments, but it will be 
understood that variations and modifications can be effected 
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within the scope of the invention as set forth in the appended 
claims . 




